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The recent eruption of Kesongo mud volcano (MV) that occurred in 28 
August 2020 in Blora, Central Java was a common natural phenomenon. 
MV eruption occurred periodically depending on the recharge fluid system 
that interconnected to a geothermal system and hydrocarbon reservoir. 
During the eruption, methane and CO2 gas were emitted to the 
atmosphere together with rocks, muds and fluids flowing from the fracture 
and fault system of MV. The extruded materials could be harmful and 
beneficial for the affected ecosystem. Aims: This study aimed to address 
the potential impact of the extruded mud volcano materials to the 
environment. Methodology and Results: An attempt was carried out by 
investigating gas and fluid content of every mud volcano morphology in the 
selected 11 areas of Kradenan, Central Java and Sidoarjo, East Java. The 
pristine fluids and gas of MV were sampled for chemical and toxic 
compound observation. Gas composition and type was observed using gas 
chromatography. The result shows that methane gas content ranges from 
0.06 to 67.6 mol%., while the CO2 content ranges from 0.21 to 79.9 mol%. 
Methane gas exhibits thermogenic gas that associated with hydrocarbon 
generation. Conclusion, significance and impact study: The chemical 
compound of fluids indicates high Boron (B) content above 0.5 ppm which 
has harmful effect for crops and human health, but some compounds of 
Ca, Na, K, Mg present as essential elements for soil nutrient. According to 
the methane flux and chemical compound emitted by mud volcano, this 
study contributes to a management practice to restore and conserve the 
global ecosystem. 
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An active mud volcano has periodical mud eruption, depending on the subsurface recharge 
materials. Mud volcano exhibits volcano-like feature with mud erupted from the centre of 
extrusion together with rocks, hot water, methane gas, oil and many more. Their existence 
might be worried by local communities who are living in a nearby mud volcano. It is because 
methane gas which is released to the atmosphere may also contain poisonous gas and 
attenuate the ozone layer. Similarly, the presence of metal element has also contaminated the 
groundwater and surface water quality. Meanwhile, some chemical compound might be 
favorable as soil nutrient for local farming. Apart from this concern investigation of gas content 
and chemical substance including metals were carried out to minimize the possible effect of 
harmful materials to the environment and conserve some beneficial substances for landscape 
preservation. Therefore, a research study has been carried out to investigate the effect of gas 
and chemical content emitted by mud volcano for the surrounding environment. The study area 
is administratively located in the Kradenan, Purwodadi and Grobogan, Central Java that belong 
to Rembang zone as well as Sidoarjo and Gresik areas, East Java that belong to the Kendeng 
zone (Figure 1).  The objective of this study is to assess mud volcano properties and the impact 
of its emitted materials to atmosphere, ground and surface water, as well as soil properties that 
might be neither harmful nor beneficial for the affected ecosystem in nearby mud volcano 
areas.  Therefore, the significance of this study is to provide valuable management options to 
restore the affected areas of mud eruption. 
 
   
 
Figure 1  a) Physiography of the studied mud volcano which is situated in the Rembang and Kendeng 




DOI : 10.25105/urbanenvirotech.v4i1.8001   
The Effect of Harmful and Favorable Gas and Chemical Content Emitted  
by Mud Volcano to Environment 
Burhannudinnur, Nugraheni, Rinanti  
p-ISSN 2579-9150; e-ISSN 2579-9207, Volume 4, Number 1, page 97-108, October 2020 
Accredited SINTA 2 by Ministry of Research, Technology, and                                        
Higher Education of The Republic of Indonesia No. 23/E/KPT/2019 on August 8th, 2019 from                       
October 1st, 2018 to September 30th, 2023 
 
99 
1.1 Mud Volcano in East Java  
 
The occurrence of mud volcano is first documented by Goad in 1816 and described the 
occurrence of a flat dome in Grobogan. The top of the dome extruded gas and saline water in 
different phase with mud materials, and this eruption has occurred for more than 150 years. 
MV phenomenon in East Java basin is suspected has a relationship with hydrocarbon 
generation. It is because most the of mud volcano system in this basin was situated adjacent to 
oil and gas fields (Burhannudinnur et al. 2019). Moreover, diapirism is directly related to the 
accumulation of hydrocarbon and source rock maturation. The gas which is associated with 
hydrocarbon were commonly observed in Cangkringan, Crewek, Banjarlor, Medang, 
Gununganyar, Kalanganyar and Wringinanom MV Figure 2. 
LUSI mud volcano presents as one of the extraordinary features of mud eruption that 
occurred in Mei 2006 in Sidoarjo, East Java Province. The fluid comprises of mixture gas, mud 
and hot water that extruded from 200m of Banjarpanji well (BJP-1). A high volume of mud 
reached 180,000 m3 per day, and it is derived from diagenetic rocks of Kalibeng formation 
(Mazzini et al. 2007). Mazzini also mentioned that a high geothermal gradient in LUSI is caused 
by the interaction of the basin with magmatism complex. His following project confirmed the 
interpretation that LUSI MV is affected by volcanic activity since helium gas were detected from 
the mud samples (Mazzini, Etiope, and Svensen, 2012). He assumed that the over pressured 
fluids derived from the Upper Kalibeng, from the depth of 1,323-1,871 m. Supporting this 
statement, Istadi et al., (2009) stated that the fluid source came from porous and permeable 
Kujung Formation, while the mud source derived from Kalibeng Formation. 
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Figure 2 a) A gentle dome of Cangkringan where many pies comprised of mud, 
fluids and gas, b) Illustration map of mud eruption distribution, c) Gryphon 
morphology was commonly observed in the outer dome, d) pie morphology in the 
small dome, with a diameter of 2 m, e) Vertical section of Cangkringan MV. 
 
2. RESEARCH METHODOLOGY 
 
In order to observe and record the manifestation of mud volcano, a satellite image of Quickbird 
with resolution up to 1 m was used for the regional study. Data for this satellite image was 
compiled from commercial and non- commercial source. Most of the non- commercial imagery 
data were collected from Google Earth which has similar resolution with image data from a 
commercial source. A follow up field investigation was carried out to investigate detail 
morphology characteristics of a mud volcano and sampling process. Eleven mud volcano areas 
have been investigated in Kradenan, Central Java and Sidoarjo, East Java. 
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2.1 Gas and Fluid Sampling Method 
 
Fluid and gas samples were collected from the studied mud volcano location and were 
distinguished based on morphologies of salsa and pond, which contain more fluids.  For fluid 
sampling, the temperature should be checked first. Afterwards, a small channel was made to 
accommodate the water flow from a big pie and gryphon morphology. The water sample was 
then collected from this channel by sinking the bottles fully into the pond and tightly closed. A 
clamping tool is used for sampling technique in hot water. Volume capacity of the bottles is 1 – 
1.5 liter. There were 14 fluid samples taken from every morphology spot site, such as from pie, 
gryphon and gas venting, old well, big/small pools, salsa and pods. 
Gas sampling was carefully packed into the gas storage. For this purpose, a funnel-shaped 
tool was connected with long and short hoses made of plastic. The long hose has 4 m long and 1 
cm in diameter, while the short one has 100 cm long. The end-point of the hose is loaded into 
the bucket which contains saline water and cold water. Additional storage is used to preserve 
the collected gas samples. To anticipate any leakage, bottles were packed tightly during its 
upside-down position. A simple design of equipment used for gas sampling is displayed at figure 
3. Ten samples of seepage gas were collected from the mud volcano in Purwodadi, Central Java, 
East Java and Madura. 
 
   
 
Figure 3 a) A simple schematic equipment design for gas, and b) sample collection procedure 
 
2.2 Laboratory Analysis 
 
Gas composition and C-isotope analyses were carried out in R&D Centre of LEMIGAS. The gas 
composition and Carbon- isotope were analyzed using gas chromatography. About nine (9) gas 
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samples were analyzed using C- isotope in order to know their composition and gas type in 
general (biogenic or thermogenic gas type). During gas chromatogram analysis, standard 
samples were injected into the gas chromatogram that also equipped with a capillary column. 
The equipment was run under isothermal 40oC for 5 minutes before the temperature was 
increased into 180oC for 20 minutes. High purity of helium gas is used as a carrier gas. The 
isotope composition was measured relative to the reference CO2 gas of certain δ13C which was 
then injected to the mass spectrometer. This Carbon isotope data is used to understand the 
origin of a particular gas. The information of gas composition will be compared with seepage 
gas composition from well data. Meanwhile, fluid samples are used to reveal the existence of 
metal and other chemical compounds. These samples were analyzed in the laboratory of 
Environmental, ITB. Fluid samples were analyzed for ten elements such as Boron (B), Calcium 
(Ca), Magnesium (Mg), Kalium (K), Natrium (Na), Chloride (Cl), Sulphate (SO4), Lithium (Li), 
Strontium (Sr) and Barium (Ba). 
 
3. RESULTS AND DISCUSSION 
 
3.1 Gas Compound 
 
Mud volcano in East Java has intermittently erupted with a various height of eruption. 
According to the gas chromatograph analysis, gas content consists of methane (C1), ethane 
(C2), Propane (C3), butane (B4) and carbon dioxide (CO2). Most of the mud volcano emitted 
higher level of methane gas and carbon dioxide into the atmosphere. The relative amount of 
CO2 and methane gas depending on MV dimension, depth and gas dissolution models (Etiope 
2005). The released methane gas from thirteen observed mud volcano is 244.36 mol%.  
Methane was emitted from MV manifestation, such as craters, bubbling pools, salses and 
gryphons. This gas also diffused by soil or known as micro-seepage. The recorded CO2 gas is 
around while the emitted CO2 gas is around 401.24 mol%. This gas dominates the other gas 
type. The CO2 gas is susceptible to any contamination and degradation in the surface condition. 
This gas content has also indicated the existence of hydrocarbon compound varies from 
0.06-77.9 mol%.  Carbon isotope analysis reveals the isotope ratio of hydrocarbon gas (C1 to 
C5) in Kendensari and LUSI MV equivalent to late oil generation. From the isotope ratio of 
methane gas, there are two gas groups with different thermal maturation. First, gas content in 
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Kalanganyar, Gununganyar and Kesongo MV belongs to biogenic gas with low thermal maturity. 
Second, the emitted gas from Pangleblengan and Kesongo MV have a higher maturity level 
which is equal to hydrocarbon generation. The equivalence level with hydrocarbon generation 
indicates that this methane is thermogenic gas. Thermogenic gas is found in association with oil 
to dry gas condensate. Anomaly results occur in the gas samples from Gununganyar and 
Kalanganyar, in which methane gas present as a mixture compound of biogenic and 
thermogenic. This mixture occurred due to migration of thermogenic gas to the shallower 
biogenic gas.  
The higher level of CO2 and methane gas is found associated with the type of thermogenic 
gas. Methane gas is trapped can be assumed that micro-seepage and even greater venting 
system of mud volcano serve as the main pathways for gas degassing to the atmosphere 
(Charlou et al., 2003). 
 
Table 1 Analysis results of gas composition 
 
Sample location Gas Composition (mol%)    
CO2 O2  N2 C1 C2 C3 C4 
Pengeblengan Sangiran 0.86 17.4 61.1 20.6 0 - - 
Kendensari 30.9 1.66 8.86 54.2 2.5 1.2 0.3 
Gununganyar 11.1 3.49 17.7 67.6 0.1 0 - 
Kalanganyar 1.07 19.6 65.1 14.3 0 - - 
Banjarlor 71.8 6.56 15.5 6.1 - - - 
Cangkringan 15.5 19 65.2 0.32 - - - 
Kuwu 79.9 4.58 13 2.51 0 - - 
Crewek 27.1 25.1 47.7 0.06 - - - 
Medang 63.9 8.93 26.5 0.65 0 0 - 
Medang 54.3 11.3 28.5 5.63 0.2 0.1 - 
Kesongo 22.3 17.2 58.1 2.39 0.1 - - 
Anak Kesongo 0.21 18.6 65.7 15.4 0.1 0 - 
 
3.2 Chemical Content 
 
Overall, geochemical data of mud volcano fluids taken from the studied area has a similar trend 
to other geochemical data from around the world. The trend confirmed that the collected 
samples belong to the mud volcano manifestation. The result of chemical data is summarized in 
Table 1. From the table, about 11 samples out of 14, has a high concentration of Boron (above 1 
ppm). The elevated amount of Boron is attributed to the natural sources of geothermal activity 
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and seawater intrusion. Interestingly, fluid samples taken from the mud volcano in Rembang 
zone, such as in Kuwu, Cangkringan, Kesongo, Pangeblengan, Crewek, exhibit higher 
concentration of Boron (Table 1). This element presents as a toxic for plants and may also 
dangerous to humans. A recommended standard of 0.5 ppm Boron contain in drinking water 
source was set by WHO (Dotsika et al., 2006) thus, mud volcano fluids which contains this 
excessive element may contaminate either ground- and surface water. Although the water used 
for irrigation, it also harms the crops and threatens the human who consumes the crops.  
The other detected of metal, in the forms of Lithium (Li), present in extremely high 
concentration, such as 40.4 ppm in Cangkringan, 29.4 ppm in Banjarlor and 141.4 ppm in Kuwu. 
The discharge of this metal into surface water will be absorbed by vegetation and/or 
accumulated in animals if the water used for irrigation or cultivation of aquatic fauna. There are 
some biotas which are sensitive to high metal content, such as Crustacea and zooplankton 
(Herawati, 2007). The worst effect of excessive Li content to human is problems of kidney 
function. Despite its damaging effect, suggested amount of Li (below 11.6 ppm) is suitable for 
mental health, particularly for a patient with the symptom of bipolar disorder (Kessing et al., 
2017). Scientist believes that adding Li into drinking water will prevent the case of suicide 
(Kabacs et al., 2011; Kapusta et al., 2011).  
Most of MV fluid samples contain Strontium (Sr) element, ranges from 1.1-381.1 ppm. The 
acceptable limit of Sr for drinking water is 1.5 ppm (Figure 4). Therefore, the only two samples 
from Gunungnyar and Wringinanom that contain a low concentration of Sr. The long- term 
effect of excessive Sr intake is related to the carcinogenic mechanism (Zhang et al., 2018).   
The high amount of some metals elucidates the relationship of organic carbon content and 
metal enrichment. Metal is easily adsorbed on the carbon surface; thus, the higher composition 
of organic carbon in mud, the higher metal concentration will be. In order to see how safe the 
water used for drinking water, a histogram comparison was created in Figure 4. Elements that 
present above the detection limit may cause harmful effect to human and ecosystem.  
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Table 2 Summary of the chemical content from mud volcano fluid samples 
 
Location Morphology ppm 
B Ca K Li Mg Na Sr Cl SO4 
Cangkringan Pie 29.5 79.2 136.9 40.4 73.6 15,932 72.2 32,630 193.9 
Kesongo Gryphon, gas 
venting 
11.7 19.5 75.6 7.1 226.4 8,025.6 20.9 5,933 319.9 
Kesongo Small pie 17.4 76.7 77.1 0.0 220.9 11,393 47.6 9.295 68.7 
Gabusan Old well 1.7 42.3 32.6 0.3 102.3 7,976 17 5,834 21.2 
Pengeblengan Small pools, 
gas venting 
10.9 281.2 43.5 0.1 161.1 7,604 17.5 6,724 6.1 
Pengeblengan 17.4 251.4 35.2 0.1 149.5 6,478.4 18.5 5,933 43.2 
Banjarlor Salsa 6.2 82.1 225.1 29.4 173 20,446 69.5 23,039 8.6 
Crewek Pods 12.5 226.4 159 34.6 113.9 17,647 88.4 21,061 25.1 
Kuwu Pie 70.8 19.5 524.4 141.4 805.6 48.752 381.1 106,593 27.9 
Gununganyar Small pools, 
gas venting 
0.1 61.2 185.2 2 91 1,609.6 1.1 4,939.5 25.1 
Gununganyar Salsa 22.5 71.7 43.1 0.3 134.6 18,804 85.7 22,050 26 
Kalanganyar Pools 5.4 160.4 65 0.3 222.3 10,906 26.2 14,140 9.9 
LUSI Big pool 7.7 52.8 73.1 1 83 10.138 65.2 11,173 2.1 
Wringinanom Old well 0 47.7 28.2 0 126.2 607.2 1.4 2,863 178.7 
 
The presence of anhydrite (CaSO4) and halide (NaCl) minerals in some mud volcano 
manifestation, such as in Kalanganyar contributes to the soil encrustation that inhibits water 
infiltration and root penetration. The existence of this mineral is linear with the concentration 
value of Ca, Na and Cl content found in Cangkringan, Kuwu, Kesongo, Kalanganyar, 
Gununganyar and LUSI. Despite inhibiting water infiltration, the minerals are easily dissolved 
and have seasonal occurrence. Thus, the cations of Ca, Na and other dissolved cations of K and 
Mg will enrich the soil in the longer term. The diverse concentration of these elements is mainly 
controlled by lithology, alteration and pH fluid that affect the solubility of the elements into the 
fluids. 
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Figure 4  Comparison of the chemical composition of mud volcano fluids and average norm of drinking 
water (modify from Baloglanov, Abbasov, and Akhundov, 2018). 
 
4. CONCLUSION  
The outgassing methane and carbon dioxide gases into the atmosphere, contribute to the 
increasing level of greenhouse gas. The total amount of CO2 and methane gases from the 
observed mud volcanoes is 645.6 mol%. The accumulation of this gas in the atmosphere 
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impedes the reflection of solar radiation to space. As a consequence, the earth undergoes 
global climate changes. MV fluids exhibit chemical compound which is neither beneficial nor 
harmful for human and ecosystem. The presence of Li elements below the average norm for 
drinking water is beneficial to alleviate mental disorder, including bipolar symptom and suicide 
practice. Despite its beneficial function, the excessive Li, the element has a negative effect on 
the kidney. Similar to this, Boron (B) and Strontium were mostly detected above the average 
norm and indicated that contamination of this fluid might cause severe health problems to 
human and the worst symptom to crops. Nonetheless, some cation elements of Na, Ca, K and 
Mg As are an essential source for soil nutrient. That is why the local farming in Medang MV is 
entirely overgrown by paddy. As a recommendation, management practices should be carried 
out by disrupting or relocating the encrustation of anhydrite and halide minerals from soils to 
enable water infiltration and root penetration to the soil, particularly when the thickness less 
than 2 cm. Secondly, crops selection should be carried out by planting more tolerant vegetation 
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